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(57) Abstract: 
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high density by interposing, between a positive electrode and a negative 
electrode, a layer having a communicating hole having a diameter 
variable according to the environment in which an ion participant in 
battery reaction is movable. 

SOLUTION: A structural body formed of a positive electrode 102, a 
negative electrode 101 opposed to the positive electrode 102 through a 
separator holding an electrolyte or used also as the electrode, and a 
polymer film 100 provided between the opposed negative electrode 101 and 
oositive electrode 102 is housed in a battery housing 104. The porous 
polymer film 100 has a function of transmitting ions accompanying- a 
battery reaction, but narrowing the pores in parts where a high electric 
field is applied and the temperature is raised to limit the passing of 
the ions accompanying the battery reaction, thereby increasing the 



resistance. Such polymer layer 100 is provided between the positive 
eiec 1 " 1 " t< 0' s . td tvi line el*- t re ie !<)], ><v l >< ^>>>i, i£* 
battery with long life and high density can be provided. 
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CLAIMS 



{Claim (s)] 

[Claim ll The rechargeable battery characterized by having the layer 
which is movable between a negative electrode, a positive electrode, and 
this positive electrode and a negative electrode as for an electrolyte 
and the ion which participates in a cell reaction, and has the free 
passage hole of the aperture which can be changed according to an 
environment, and cell housing which holds these. 

[ n -> ^ < < io i t t I i! ^ d I L Ui j - to 

claim 1 with which an aperture is changed according to change of the 
field strength in the field of this perimeter of a free passage hole, 

[Claim 3] Said free passage hole is a rechargeable battery according to 
claim- 2 to which an aperture becomes small by the rise of the field 



strength in the field of this perimeter of a free passage hole, and/or 
which has said free passage hole is the poly membrane which has the pore 

to il sH ill) i (.*. H U 1 II 1 i 3 

temperature. 

[Claim 5] The rechargeable battery according to claim 4 to which a path 
^ m^ > o,*u e e "f _ f c bfi 1 mi i i i ^ il> i c 

poly membrane / the field of this perimeter of pore ], and/or the rise 
of temperature. 

[Claim 6] The rechargeable battery according to claim 4 «rith which said 
poly membrane consists of a polymer liquid crystal. 
[Claim 7] The rechargeable battery according to claim 6 in which said 
polymer liquid crystal carries out orientation in parallel or at random 
substantially to a negative-electrode fiat surface in perpendicular 
orientation or the circumference of the pore which is carrying out 
inclination orientation, and which the rise of field strength and/or the 
rise of temperature produced to a negative-electrode flat surface in the 
bottom of no electric-field impressing, 

[Claim 8] The rechargeable battery according to claim 6 whose dielectric 
constant, an i. sot ropy of said polymer liquid crystal is negative. 
[Claim 9] The rechargeable battery according to claim 4 with which- said 
poly membrane consists of complex of a raacroraalecule and liquid crystal. 
[Claim 10] The rechargeable battery according to claim 9 in which the 
.liquid crystal in said poly membrane carries out orientation in parallel 
or at random substantially to a negative-electrode flat surface in 
perpendicular orientation or the circumference of the pore which is 
carrying out inclination orientation, and which the rise of field 
strength and/or the rise of temperature produced to a negative-electrode 
flat surface in the bottom of no electric-field impressing. 
(Claim 11] The rechargeable battery according to claim 9 whose 
r efe, ^ <.<\k-c,^ tt v.ais )tr>.pv o, i?^ In, u i ccwt, ii: ^ kI poly 
membrane is negative. 

[Claim 12] The rechargeable battery according to claim 4 with which said 
pofv membrane consists of polymer gel. 

[Claim 13] The rechargeable battery according to claim 12 in which said 
polymer gel carries out cubical expansion 20% or more by the rise of 
temperature. 

[Claim 14] The rechargeable battery according to claim 4 which it has a 
separator, and the laminating of said positive electrode, a separator, 
said poly membrane, and said negative electrode is carried out in this 



order, and forms, the laminated structure. 

[Claim 15] The rechargeable battery according to claim 14 which consists 
of cationic polymer gel in which said poly membrane has positive charge, 
[Claim 16] The rechargeable battery according to claim 4 which it has a 
separator, and the laminating of said positive electrode,, said poly 
membrane, a separator, and said negative electrode is carried out in 
this order, and forms the laminated structure. 

[Claim 1?] The rechargeable battery according to claim 16 which consists 

of anionic polymer gel in which said poly membrane has negative charge. 

[Claim 18] The- rechargeable battery according to claim 4 with which said 

poly membrane also has the function of the separator of a cell, and is 

pinched between the positive electrode and the negative electrode. 

[CI aits 19] The rechargeable battery according to claim 4 which has the 

pore said whose poly membrane is 2-1000A of apertures. 

[Claim 20] The rechargeable battery according to claim 4 whose 

contraction rate of the path of the pore at the time of the high 

electric field in said poly membrane going up locally L impression 

mp< r> v, „ ul " - ^ n th uri v 1 t-tt. 

[Claim 21] The rechargeable battery according to claim 1 with which the 
negative electrode at the time of charge of said rechargeable battery 
contains a lithium element at least. 

[Claim 22] The rechargeable battery according to claim 1 with which the 
negative electrode at the time of charge of said rechargeable battery 
contains, a zinc element at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001 j 

[field of the Invention] This invention relates to the rechargeable 
battery which suppressed dendrite (arborescen.ce) growth of the lithium 
generated by the repeat of charge and discharge in a detail, or zinc 
more about a rechargeable battery. 
[0002] 

[Description of the Prior Art] C02 contained in atmospheric u 1 • cr '\ 
Since capacity is increasing, it is predicted that warming oi th- , u 
arises according to greenhouse effect. A thermal power station > 
combustion, although she heat energy which a fossil fuel etc. m :u . v 



and is obtained is transformed into electrical energy. In order to 
discharge gas so much, it is becoming difficult to build a new thermal 
power station. Therefore, it stores in the rechargeable battery which 

i >t 1 v v >. v ;>> t in po» a >1 i *\ is dump power in ordinary homes as a 
deployment of the power made with generators, such as a thermal power 
station, and the so-called load leveling which equalizes a load at day 
ranges with much power consumption using this is proposed. 
[0003] Moreover, for the application of the electric vehicle which has 
the description of not discharging the atmospheric pollutant containing 
COx, NOX, CB, etc., development of the rechargeable battery of a high 
energy consistency is expected. Furthermore, for the power-source 
application of portable devices, such as a book mold personal computer, 
a word processor, a video camera, and a cellular phone, development of a 
small, lightweight, and highly efficient rechargeable battery is 
pressing need, 

[0004] Development of the so-called "lithium ion battery" of the rocking- 
chair moid which used for the negative-electrode matter the carbon 
ingredient which can intercalate in the positive-electrode matter the 
above-mentioned small one and the lithium intercalation, compound which 
is lightweight and deintercaiates a lithium ion at the reaction at the 
time of charge as a rechargeable battery of high performance; for 
example between the layers of the sis membered ring reticulated flat 
surface form by the carbon atom in a lithium ion, and which is represent 
by graphite progresses, and the part is put in practical use. 
[0005] However, in the '"'lithium ion battery" mentioned above, since the 
negative electrode which consisted of carbon ingredients can intercalate 
only a maximum of l/pet C atom only of lithium atoms of 6 theoretically, 
the rechargeable battery of the high energy consistency which is equal 
to the lithium primary ceil when using a metal lithium for the negative- 
electrode matter is unrealizable. Since a metal lithium will carry out 

i ^ * i u 1 Hi ii 1 t. t < l to i ) i \ 

if it is going to store the lithium more than the amount of lithiums 
which can he temporarily inserted between the layers of the carbon of a 
negative electrode at the time of charge, the rechargeable battery of 
the high capacity which stored more than the amount of lithiums that can 
be inserted between layers is not realizable. 

[0006] On the other hand, in the lithium cell of the high capacity which 
uses a lithium metal for a negative electrode, by the repeat of charge 
and discharge, it is easy to generate the dendrite of the lithium 
constituting the mam cause of a short circuit, and stopping the 
dendritic growth of this lithium makes rechargeable hattery-ization of a 



10007] Moreover, sines the lithium secondary battery which used for the 
negative electrode metals with which a lithium metal deposits at the 
tiiae of charge, such as a lithium metal, and aluminum, can also expect a 
high energy consistency, although it inquires, the thing with the life 
to a practical use field is not put in practical use. 
[0O0S] Also with the rechargeable battery which used carbon for the 
negative electrode, when the dendrite of a lithium grows at a negative 
electrode also with the rechargeable battery using the negative 
electrode with which a lithium metal deposits at the time of charge and 
a negative electrode and a positive electrode change into a short 
circuit condition, by generating heat by consuming the energy which a 
cell has for a short time, and the solvent of the electrolytic solution 
decomposing, and generating gas, internal pressure increases and a cell 
may he damaged to an informal Nob dance. As this cure, for safety 
reservation of a lithium secondary battery (the rechargeable battery 
using the oxidation reduction reaction of a lithium ion will be 
genericaiiy called a lithium secondary battery below) also including the 
above-mentioned lithium ion battery The porous film of polyethylene or 
polypropylene whose melting point is 120 degrees C ~ 170 degrees C is 
used for the separator between a positive electrode and a negative 
electrode. If a ceil short-circuits by a certain cause and internal, 
temperature rises to the melting point of an ingredient, the structure 
which ******** is closed, a separator insulates a negative electrode and 
a positive electrode electrically, and a ceil reaction stops is tried.. 
However, although it is an emergency safety practice, it cannot become 
the decisive approach, of developing the life of the negative .electrode 
in a hthiusi secondary battery by leaps and bounds. 
[0009] Moreover, with the lithium secondary battery using the porous 
film which consists of an organic polymer mentioned above as a separator, 
with not functioning, unless the temperature of a cell becomes an 
elevated temperature 120 degrees C or more, and the separator with which 
it once fused and the hole was closed, even if temperature falls, the 
insulating condition between a positive electrode and a negative 

<e ^ei f , „ ne t'\ e ptir trMCC^ >k ib - i , i \^ * 
From this, high capacity-ization of a cell can be realized, and the 
dendritic growth of a lithium is stopped at the time of charge, and 
development of the means which can also develop a cycle life is desired. 
[0010] Moreover, also in the rechargeable battery which consists of a 
nickel zinc ceil and an air zinc cell, since a zincky dendrite occurred, 
a separator was penetrated and a zinc negative electrode and a positive 



electrode short-circuited by the repeat of charge and discharge like a 
lithium secondary battery, there was the sanse problem as the lithium 

it i ! c v i\ ~t ,i St ah>< of < , e . v 4><>'{ i t. 

in the .lithium secondary battery or the zinc rechargeable battery, that 



[Problem ($) to be Solved by the Invention] This invention is made in 
view of the above-mentioned trouble, and in the rechargeable battery 
whose negative-electrode active material is a lithium or zinc, a cycle 
life is long and it aims at offering the rechargeable battery of a high 



[0012] 

l tt Ki M rg .!« li. » 1 r 1 > i- i i.e. - o + . i L 
invention has an electrolyte and the movable ion which participates in a 
ceil reaction between a negative electrode, a positive electrode, and 
1 i i o * x >ds k . ne r i fci* 1 nu, i ! t v\ f t i teiv 

battery characterised by having the layer which has the free passage 
hole of the aperture which can be changed according to an environment, 
and ceil housing which holds these. In addition, "the ion which 
participates in a cell reaction" is ion which receives oxidation and 
reduction and participates in this reaction in the charge-and-di seharge 
reaction of a rechargeable battery, 

[0013] In the layer which intervenes between a positive electrode and a 
negative electrode, the rechargeable battery of this invention has the 
movable ion which participates in a ceil reaction, and is characteristic 
at the point that the free passage hole (through tube) which has the 
path (width of face) which can be changed according to an environment, 
and passes between a positive electrode and a negative electrode exists. 
A "free passage hols" is a hole which opens between the positive 
electrode in a rechargeable battery, and a negative electrode for free 
passage here, and it can become the path to which the ion which 
participates in a cell reaction moves between positive-electrode 
! s. c o- 1 ^ i i> ' i e L n- " t i . > I It- t i < i Ku n p, U 

(width of face) is changed according to change of an electrical 
potential difference [ / near / where it between the .above-mentioned 
positive electrode and a negative electrode exists / the location j, and 
temperature, and especially this free passage hole changes resistance 
between the- positive electrode in the free passage hole concerned, and a 
negative electrode. For example, in a cell reaction, in the 
circumference of a single string through-hole, an electrical potential 
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concerned may become narrow locally, when [ high and/or j temperature is 
high, the resistance in near [ concerned ] a free passage hole becomes 
high, and advance of a cell reaction is suppressed. 

[0014] At the charge reaction of a rechargeable battery, it may grow up 
in the shape of j. which high electric field arise locally between a 
positive electrode and a negative electrode, temperature rises locally, 
and a reaction advances too much, and was mentioned above depending on 
the component and reaction mechanism of a cell under the effect of the 
positive electrode and the negative electrode being formed in the 
unuraformity about the shape of surface type, or a presentation j a 
negative-electrode active material dendrite, or electrolytic disassembly 
may arise. As a result, possibility of resulting in. the short circuit 
between a positive electrode and a negative electrode in such a part 
becomes strong. Therefore, a short circuit is prevented with control of 
advance of a ceil reaction with constituting the field between the 
positive electrode of a cell, and a negative electrode from a free 
passage hole with which width of face is changed so that resistance near 
the part which the above-mentioned quantity electric field or a 
temperature rise produces may go up. 

[0.0153 The dendritic growth which is the ceil which can expect a high 
energy consistency and was mentioned above is controlled, and the 
rechargeable battery of this invention is used as the thing (lithium 
secondary battery) which contains a lithium element at least in the 
negative electrode at the time of charge preferably, or a thing (zinc 
rechargeable battery) which contains a zinc element at least. 
[0016] In the rechargeable battery of this invention, what the layer 
between said positive electrode and a negative electrode has pore, has 
\ t ! ^ t } i tit j un i e x *- t,ti is t o 

than a perimeter, and the pole diameter decreases, or pore, and becomes 
from the poly membrane to which a temperature rise is a large part and 
the pole diameter decreases frois a perimeter is desirable. 
[0017] It is desirable that the above-mentioned poly membrane consists 
of complex of a polymer liquid crystal, or a maeromoieeule and liquid 

crystal at least, and the relaxation time to which the electrical. 

potential, difference is not impressed for the liquid crystal section of 
the poly membrane — a negative-electrode fiat surface — perpendicular 
orientation — or — if inclination orientation is carried out, and high 
electric field are locally impressed in the part from which the 

c>P'ii, aro^rh <.f active material 1 ^uds to hcpp< n m Un tire of 
charge or a temperature rise happens — a negative-electrode flat 



surface — parallel orientation or — being disorderly (random) — it 
is desirable to carry out orientation and to decrease the negative- 
electrode flat-surface lay length (pole diameter) of the pore section. 
It is desirable that the polymer liquid crystal or liquid crystal of. a 
poly membrane consists of liquid crystal which has a negative dielectric 

[0018] Moreover, it is desirable that the above-mentioned poly membrane 
consists of polymer gels at least. 

[0019] When this invention person investigated minutely the part and the 
conditions that growth of the dendrite of a lithium took place at the 
time of the charge of a lithium secondary battery which used a metal 
lithium, aluminum, and a carbon ingredient for the negative electrode, 
the ^ N 1 e x 5 i 1 j,i "n^ to .a. < Jt tv 

(arboreseence) growth is a part where field strength, such as a height 
on the front face of a negative electrode., is high, and the big current 
found it out flowing and being exoergic. The same vies? was acquired also 
in the nickel zinc rechargeable battery and air zinc cell which used 
zinc for the negative electrode. It checks raising resistance of the 
above-mentioned part alternatively, and that the dendritic growth of a 
lithium or zinc is controlled based on this knowledge at the time of a 
header and charge. 

[ „(> >. i i ^ i i^t, jr'c o t 1 in s e ^ i f i is 

rechargeable battery of a lithium or sine, a negative-electrode active 
material is equipped with the layer which consists of a part where field 
strength, such as a height on the front face of a negative electrode, is 
high, and/or a free passage hole with which the aperture of the free 
passage hole between negative-electrode positive electrodes becomes 
narrow locally in the part where a temperature rise is intense, raises 
resistance with the free passage hole concerned, and prevents a short 
circuit, in this way, it can stop that a lithium or zinc grows in the 
shape of a dendrite at the time of charge, consequently the cycle life 
at the time of charge and discharge can be developed by leaps and bounds. 
Therefore, thereby, the rechargeable battery of the long high energy 
consistency of a cycle life is realizable. 

[0021] In. addition, in this invention, as long as an "active material" 
is matter which participates in the electrochemical reversible reaction 
(manipulate return) of the charge and discharge .in a cell and it is the 
matter which participates in the above-mentioned reaction in person 
further, the matter holding other matter which participates in the 

t I - < ^ .hi .in lif < in cut - ion, in a lithium 

secondary battery, as a negative-electrode active material, it is held 



at a negative-electrode side at the time of charge, and at the time of 
discharge, a lithium dissolves into the electrolytic solution and serves 
as a lithium ion. Moreover, in a zinc rechargeable battery, as a 
negative-electrode active material, it is at the discharge time, and 
zinc reacts with a hydroxide ion and changes to zinc hydroxide or a zinc 
oxide. 
[0022] 

[Embodiment of the Invention] Hereafter, the example of an embodiment of 
this invention is explained with reference to drawing 1 , drawing 2 , 

0 : 1 < j v x , r . Drawing 1 is the conceptual diagram showing the cross 
section of an example of the rechargeable battery ox this invention. The 

O hi t 0 > X te ^ >f t nvL . i I uV , P + n * Vi ^ 

negative electrode 101 It counters with a positive electrode 102 through 
the separator 103 which makes an electrolyte serve a double purpose or 
it held the electrolytic solution. And the ion which participates In the 
cell reaction which is the description of this invention is movable 
between the negative electrodes 101 and positive electrodes 102 which 
counter, and have the free passage hole of the aperture which can be 
changed according to an environment. The structure in which the porous 
poly membrane 100 which has pore was formed as a layer which has the 
free passage hole with which a path (width of face) becomes small in the 
field where especially electrolysis reinforcement and temperature are 
high, and resistance becomes high is held in the cell housing 104. In 

- , i< < n U < a e no t ip< ,it : , «<;j t 1 $4 i ^ r - f i » 
are impressed rose although the porous poly membrane 100 could pass the 
ion accompanying a cell reaction, it changes so that transparency of the 
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restricted, and it has the function in which resistance increases. In 
addition, the positive-electrode terminal 106 linked to a positive 
electrode 102 arid the negative-electrode terminal 105 linked to a 
negative electrode 101 are respectively pulled out out of housing 104, 
[0023] This function is explained using drawing 5 . Drawing 5 is a 
conceptual diagram explaining the function of the rechargeable battery 
of this invention, and is an example in the case of connecting DC power 
supply to the rechargeable battery of this invention of dr awing 1 , and 
charging it. When the electric-field concentration section 1.07 which is 
the part where field strength like a projection is high exists in the 
negative-electrode front face of the rechargeable battery of drawing 1 , 
In this electric-field concentration section 107, high electric field 
are impressed from the circumference, therefore current density becomes 



high and generate heat. Fore is narrowed in the part 108 where the high 
electric field of a poly m< mox ^no l'»0 arv impr-'s^ed, an I iet?p>>vi * v ur<. 

rises then, and resistance goes up. In the electric-field concentration 
section 107 of the part where the high electric field on the front face 
of a negative electrode are impressed as a result, a deposit of a 
dendrite- like negative-electrode active material will be suppressed at 
the time of charge, and the internal short circuit between a negative 
electrode and a positive electrode will be suppressed, 
[0024] feawiKg..2 is the conceptual diagram showing the example of 
arrangement of the poly membrane which are the negative electrode in the 
rechargeable battery of this invention, a positive electrode, a 
separator, and a means to prevent the dendritic growth of a negative- 
electrode active material, (a) of drawing 2 , (h) , and (c) show the 
negative electrode 101 in the cross section of the rechargeable battery 
of drawing 1 , a positive electrode 102, a separator and the 
(.-Vi'.''' l\*vC s'-'lsr^'t. 1<H .md exaiipl^ >f ni ranoi- we^T •>! ih^ p <r<>'i- 
poly membrane 100 respectively. In (a) of .drawing. _2 , the above- 
>i"sote N 1' iM > 1 N e JO ^ + he e\.irple e^i in - i~a e-'vee ^ 
negative electrode 101 and the separator 103. In (b) of drawing 2 , the 
above-mentioned poly membrane 100 is the example established between the 
positive electrode 102 and the separator 103. In (o) of drawing. 2 , it 
is the example in which the above-mentioned poly membrane 100 made the 
separator 103 serve a double purpose, and was prepared between the 
negative electrode 101 and the positive electrode 102, 
[0025] Although the rechargeable battery of this invention has a porous 
poly membrane and an electrolyte on the layer and concrete target which 
have a free passage hole which was mentioned above at least between the 
positive electrode, the negative electrode, the positive electrode, and 
the negative electrode and has a separator and cell housing further, it 
explains each component below. 

[0028] (Poly membrane} Prepare between the negative electrode which 
constitutes the rechargeable battery which is the description of this 
invention, and a positive electrode. It is the field layer which 
consists of a free passage hole which is movable as for the ion which 
participates in a cell reaction, and has the path (width of face) which 
can be changed according to an environment. In order to prevent the 
dendritic growth of the negative-electrode active material at the time 
of charge as a function of a poly .membrane (at the example shown by 
drawing 1 , it is the film 100) porous as a layer If it has the pore 
which penetrates the ion which participates in a cell reaction, and high 
electric field are impressed or temperature rises, it is required to 



have the property that the pole diameter narrows. 

[0027 j As the quality ox the material of a poly membrane, the composite 
of a liquid crystal aiacrorcsolecule, a base utaterial and the raacroraolecule 
which changes, and liquid crystal, and polymer gel can be used, for 
example. As liquid crystal of the composite of the liquid crystal, 
maeromoleoule of the ingredient of the above-mentioned poly membrane or 
a base material, the macromoiecuie that changes, and liquid crystal, 
when electric field are impressed, the liquid crystal with which the 
major axis of a molecule is located in a line with electric field and a 
perpendicular is desirable, and the liquid crystal whose dielectric 
anisotropv is negative is more desirable. When the major axis of the 
molecule of the liquid crystal part of a poly membrane is located in a 
line with electric field and a perpendicular direction, the pore {free 
passage hole mentioned above) penetrated in the direction of electric 
field will be narrowed. Moreover, in the polymer gel which forms the 
above-mentioned poly membrane, it is preferably required for 20% or asore 
of big cubical expansion to happen by the temperature rise. The pore in 
polymer gel will be narrowed by cubical expansion. 
[0028] Furthermore, when preparing this polymer gel in a negative- 
electrode side, it is desirable that it is the cationic polymer gel 
which has positive charge. In order that a lithium cation may maintain 
an assembly and neutralization conditions near the negative-electrode 
front face at the time of charge, cationic polymer gel lengthens a 
molecule -and expands. When preparing this polymer gel in a positive- 
electrode side, it is desirable that it is the anionic polymer gel which 
has negative charge. In order that an anion may maintain an assembly and 
neutralization conditions near the positive-electrode front face at the 
time of charge, anionic polymer gel lengthens a molecule and expands. 
[0029] The negative-electrode active material which deposits at the time 
of the ion contributed to a cell reaction or charge can prevent 
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positive electrode reaching and. carrying, out an internal short circuit 
by u. - i ^ i * ill *n<i\c <v t i i i n ^ I > v - 

locally [ the pore of the characteristic poly nenbrane which constitutes 
the rechargeable battery of this invention j near [ this ] pore, or when 
a temperature rise arises. 

[0030] In addition, 1 micrometer or less is usually preferably made into 
2-iOOOA that what is- necessary is just the magnitude which penetrates 
the ion which participates in a cell reaction as magnitude of the path 
of the pore formed in a poly membrane. 

[0031] Moreover, it is [ that what is necessary is just the range where 



the function for raising resistance in case ion moves is obtained 1 
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the path of the pore j, although the pole diameter will narrow if high 
electric field are impressed or, as for the pore of a poly membrane, 
temperature rises 10% or more as a ratio to the original contracted pole 

[0032J In adopting as a lithium secondary battery especially a poly 
membrane that was mentioned above, before including in a ceil, at least 
and pouring in the electrolytic solution, it is necessary to remove 
moisture enough by approaches, such as reduced pressure drying, about 
the + il <<nv*.-Mf< "LUtf 1 -* i ° deh d> <„<ei v ( s i !el ye the 
lithium which deposits at the time of charge, and this moisture will 
react, lithium compounds, such as a lithium hydroxide which cannot be 
used at the time of discharge, will be formed, and the fall of discharge 
quantity of electricity will be brought about. 

[0033] As an approach of forming the porous poly membrane which has the 
above-mentioned free passage hole using a polymer liquid crystal 
ingredient, film formation, is carried out by the casting method, or the 
solution which dissolved the polymer liquid crystal ingredient in the 
solvent is applied to a direct negative electrode, a separator, and a 
positive-electrode front face, and the film is formed. Subsequently, it 
dries, a solvent is removed and pore is formed. It is also possible to 
form a poly membrane in a polymerization reaction and coincidence using 
the monomer from which it forms using a polymer liquid crystal 
ingredient, and also a polymer liquid crystal is obtained at a 
polymerization reaction. Moreover, in order to adjust pore distribution 
depending on the case, at the time of film formation, an electrolyte etc, 
is added, for example, film formation is carried out, extract removal of 
the matter which can carry out extract removal and which was further 
added after desiccation at the time of film preparation is carried out, 
and pore distribution is adjusted. 

[0034] After adding the matter from which the back is removable as the 
preparation approach of pore so that ft may grow into a porosity rate 
[ / at the time of poly membrane formation j, a solvent is added if 

needed, the matter removable to the time of film formation or the back 
is removed, and pore is prepared. As removable matter, the electrolyte 
and organic solvent which can be e luted and which are used, for example 
for the electrolytic solution are mentioned. When it uses for the 
quality of an additive which can remove an electrolyte, there is little 
effect which it has on a ceil property. It is also possible to use the 
low -solvent of the boiling point mixed with the solvent which is made to 



evaporate or disassemble, and removes under heating or reduced pressure 
as jnatter in which another removal is possible, or is removed to 

homogeneity. 
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increased after film formation, it is desirable to cause cross-linking 
reaction and to also make it construct a bridge. Or it adds a cross 
linking agent at the time of film formation and causes crosslinking 
reaction as the bridge formation -approach, the method of irradiating 
ultraviolet rays and a radiation after film formation, and causing 
crosslinking reaction is mentioned. 

[0036] As an approach of forming the porous poly membrane which has the 
above-mentioned free passage hole with the complex of polymeric 
materials and a liquid crystal ingredient By the casting method which 
casts on the flat and uniform metal base material which mixes a liquid 
crystal ingredient to the polymer solution which dissolved the 
macromolecule used as a base material in the solvent, and rotates the 
obtained mixed solution, and is film-ized Or it applies to a direct 
negative electrode, a separator, or a positive-electrode front face, and 
the film is formed, it dries, a solvent is removed, and a poly membrane 
is prepared. It is also possible to add quality of an additive, for 
tooacrie "\.\s- e; e'n ; --i".^^ *iaeh ecu remove t>. back (^.edai <»n the 
case, and to perform poly membrane formation like above-mentioned 
polymer Liquid crystal film formation, for adjustment of pore 
distribution, Furthermore, since causing crosslinking reaction and also 
making it construct a bridge after film formation increases the 
stability over the electrolytic solution, it is desirable. As the bridge 
formation approach, the bridge formation approach of the above-mentioned 
polymer liquid crystal film and the same approach are employable. 
[0037] As for the liquid crystal of the bipolar membrane of the above- 
mentioned polymer liquid crystal film and macromoiecale which are a poly 
membrane, and liquid crystal used as a layer field which has the free 
passage hole which can be changed for a hole (width of face) according 
to the environment between a positive electrode and a negative electrode, 
in the rechargeable battery of this invention, it is desirable to make a 
negative-electrode electrode flat surface carry out perpendicular 
orientation or inclination orientation at the time of film formation. 
[0038] As the orientation approach, a perpendicular direction, an 
inclination, or the approach of impressing in parallel can be used for a 
negative-electrode electrode flat surface for a magnetic field or 
electric field before the above-mentioned poly membrane solidification. 
It is controlled by selection of stress impression, the orientation 



processing on the front face of a base which forms the film, heating or 
cooling, the optimal solvent, and optimum density etc. as the other 
orientation approaches. 

[0039] As an example of the orientation processing on the front face of 
a base which forms the above-isent i oned film, the chend sorption of 
organic metal coupling agents, such as physical adsorption of amphipatic 
mxkeUe:-, sU-ch as p-loCLviox^ t V -Uydro\\ a'<i BliZF\, a di ! iu'i:o>l 
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-acid didodecyl ester, a hexadeeyi tri butyl phosphonium star's picture, a 
stearyi tributyi phosphonium star's picture, lecithin, and a eetyl 
trimetbylaffiffionium star s picture, and sterile trichiorosilan, is 
mentioned as an art of perpendicular orientation. 

[0040] The approach of carrying out the slanting vacuum evaporation/; of 
a metal or the organic giant molecule by the vacuum deposition 
approaches, such as sputtering and electron beans evaporation, and 
forming the orientation film in a base front face as inclination 
orientation, is mentioned. 

[0041] As an approach of on the other hand forming the porous poly 
membrane which has the above-mentioned free passage hole- by polymer gel 
material (a) [ whether polymer gel is formed by direct polymerization 
and cross linking reaction, from a monomer, and j I whether after a 
separator is immersed into (b) monomer solution which forms rifting 
polymer gel for cross linking reaction after forming a macromoiecule, 
polymer gel is formed by cross 1 inking reaction, and ] After a separator 
is immersed into a polymer solution, form lifting polymer gel for 
crossl inking reaction, (c) After forming polymer gel powder by the 
polymerization and crossl inking reaction from a monomer, into a polymer 
eolation, distribute polymer gel powder, and solidify and form, (d) 
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nositi ve-electrode front face, or a separator front face, lifting 
polymer gel is formed for the postpolvmerisation reaction and 
crossl inking reaction which formed polymer gel in crosslink! ng reaction, 
or cast the monomer solution. The thickness of polymer get is adjusted 
at the time of the formation at the time of a polymerization or bridge 
formation, is used as it is, or it dries after formation, and it adjusts 
and uses thickness for homogeneity by press working of sheet metal, etc. 
The thickness of polymer gel can be adjusted in the depth of the solvent 
kind at the time of formation, and a concentration and a reaction 
container etc. The expansion coefficients of polymer gel are a monomer 
kind, polymerization degree, a degree of cross linking, the class of 
solvent and concentration, the electrolytic concentration contained in a 



solvents and can be adjusted, 

[0042] As an approach of producing as a film or a sheet, the porous poly 
membrane formed of the complex of the polymer liquid crystal which 
others mentioned above, and a macromolecule and liquid crystal,, or 
polymer gel Besides the casting method (the solution casting method) 
which casts on the flat and uniform metal base material turning around 
the polymer solution which, dissolved with the solvent, and is t'ilm~ized 
The extrusion method (melting -extrusion method) which extrudes and forn- 
ixes the giant-molecule liquid fused with heat from I mold dice, and the 
calender method which rolls out and filar-izes a high polymer between the 
rolls of two or sore can be used. By the extrusion method, after using 
and film-izing the macromolecule before bridge formation, crossl inking 
reaction is caused, and a high polymer film is obtained. By the calender 
method, a film is produced using the dry jaacroraolecule. 
[0043] (Liquid crystal ingredient) The rye OT0R0 pick ingredient in 
which liquid crystal linity is shown for a liquid crystal layer under 
existence of a **** thermotropic ingredient and a solvent, for example 
through a fusion process as a liquid crystal ingredient used for the 
complex of the macroraoieeiiie organic liquid crystal used as- the 
ingredient of a porous poly membrane mentioned above, or a macromolecale 
and liquid crystal is also included. Although a nematic liquid crystal, 
KOKESU tic liquid crystal, StlBCHIMU liquid crystal, disco tic liquid 
crystal, the strong dielectric liquid crystal in which spontaneous 
polarization is shown are mentioned as a class of orientation of the 
liquid crystal used, it is desirable that it is the liquid crystal, in 
which a negative dielectric ani sot ropy is shown, and it is more 
desirable that a nematic liquid crystal phase or a K0RES0 tic liquid 
crystal phase is shown, 

[0044] moreover — the relaxation time to which the electrical potential 

difference is not impressed ™~ a negative-electrode flat surface the 

liquid crystal section — perpendicular orientation — or the part from 
which the dendritic growth of the active material with which inclination 
orni > , i 1 ii i <dun t'e J *- k A v p . co at 

the time of charge, and a temperature rise happens tends to happen a 

negative-electrode flat surface parallel orientation — or it is more 

desirable tc carry out orientation disorderly, 

[0045] Furthermore, it is desirable to blend and use two or more liquid 
crystal so that it may function according to the service temperature of 
a rechargeable battery. As for the above-mentioned liquid crystal, it is 
-desirable that orientation processing perpendicular to a negative- 
electrode fiat surface or inclination orientation processing of a 



rechargeable battery is performed, and orientation (they are a 
perpendicular or inclination .orientation to a negative-electrode side) 
of the above-mentioned liquid crystal, in an initial state is given. The 
tilt angle to the negative-electrode flat surface of the liquid crystal 
molecule in the initial state by these orientation processings is 45 

[0046] As a liquid crystal ingredient in which the above-mentioned 
negative dielectric anisotropy used for this invention is shown 2, 3- 
JIFURORO benzene derivative, a pyridazine derivative, a fluoridation 
hydroquinone cyclohexane-earhoxy lie-acid ester compound, A fluori nation 
to] an compound, a cyanobenzene car-boxy late compound, A cyanogen 
cyciohexane compound etc. is mentioned. Also in it 3, 6-2 permutation - 
2-dicyano benzene, 3, 6-2 permutation pyridazine, 3, 6-2 permutation 
2- JIFURORO benzens, 3, 6-2 permutation-] -cyanobenzene, 1, and 4-2 
permutat iotrl -eyano oyclohexanes are mentioned as an example which show 
a negative, comparatively big dielectric anisotropy. 
[004?] The structure of the above-mentioned liquid crystal macromolecul 
used for this invention has the principal chain form polymer which the 
MESOGEN radical which is the group of a linearity conjugation form, or 
MESOGEN radical, an alkyl chain or an oxyethyiene chain combined 
linearly by turns, and the side-chain form polymer which the MESOGhN 
radical combined with the principal chain as a side chain through the 
direct or alkyl chain. As the above-mentioned MESOGEN radical, a 
benzylidene aniline, an azobeozene, azoxybenzene, a stilbene, phenyl 
benzoate, a benzoyl aniline, a biphenyl, a benzyl idene acetophenone, a 
benzyl idene azine, etc. are mentioned. 

[0048] (Macromolecule in. macromolecule-iiquid crystal complex) As 
polymeric materials used as the siiacromolecuie used as the porous poly 
membrane mentioned above, and the solid-state in the complex of liquid 
L i ! t. j j l i a. t ' t h U \ 1 i* * f m i whic 

were made to construct a bridge and were made insoluble at the 
electrolytic solution can be used for the electrolytic solution of a 
ceil. Furthermore, a meltable organic macroisiolecule or its raw material 
monomer can be used for the solvent used for preparation of 
maerofso 1 ecu! e- liquid crystal, complex (when a monomer is used, a 
polymerization is carried out in the preparation phase of complex). As 
an example of the above-mentioned polymeric materials, poiyolef ines, 
such as polyethylene and polypropylene, a f luororesin, a polyvinyl 
chloride, polyvinyl alcohol, polyaerylamide, polyester, a polyamide, 
polyethylene oxide, etc, are mentioned. 

[0049] (Polymer gel) In this invention, what, inhales the macromolecule 



or solvent which constitutes the internal short circuit prevention means 
of a lithium secondary battery preferably as polymer gel used as the 
, .o^ + f i >n > < v tit) i = fi in s ei . «t ^ i ni> the 

insoluble three-dimensional network in the solvent, and is in a swelling 
condition is used. 

[0050] As this polymer gel, for example Polyaerylamide, N, and N-diethyl 
acrylamide po Ivmer, M-isopropyl acrylamide polymer, an. N-isopropyl 
acrylamide-acry lie-acid sodium copolymer. An N and N"diethyl acrylamide- 
acrylic-acid sodium copolymer. An acrylamide- (methaory 1. amide propyl) 
triraethylamfsoniun! chloride copolymer, An aerylamide-TORiMBCHIRb (&- 
acryioyl-3-asjinopropyi) ammonium iodide copolymer, A polystyrene and 
styrene-styrene SARUF0NET0 copolymer, polyvinyl methyl ether, Polyvinyl 
alcohol-polyacryiic acid compound gel, poiyacrylic acid, poiymethacryl ic 
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glycol* polyethylene oxide, polyvinyl alcohol, etc, are mentioned. 
Polymer gel. with ionic dissociation radicals, such as an N-isopropyl 

j \ k e-ici^-< s 1 - d < is ii)); vffit* , N iru \ CKfh, ! ^ laaidt 
acrylic-acid sodium copolymer, an acrylamide- (methacryiaraide propyl) 
trimethyiammonium chloride copolymer, an acrylamide-TOR 1MECH1RU (N- 
i.!-\h>v]-d aminopnpv^ ammuirum j >didp eep>l\mei. and ,i serene >.h i v H' 
SARUF0NET0 copolymer, is used preferably among these. Moreover, since 
polymer gel like poly acrylamide [ which is in the condition which the 
giant-molecule chain contracted in ordinary temperature among the above- 
mentioned polymer gels J, N, and N-diethyi acrylamide polymer also 
expands at an elevated temperature, it is desirable although it is used 
for this invention, 

[0051] as the formation approach of polymer gel usable at this invention 
— a chemical bond — or what is depended on intermol ecular association 
is adopted. As an approach of forming gel by the chemical bond, there 
are < ip _ > \ t i s f i \u dmi^ 1 oo po_v si < k t 

time and the approach of constructing a bridge after a polymerization, 
and there are bridge formation by hydrogen bond, bridge f oration by 
ionic bond, and bridge formation by coordinate bond as an approach of 
constructing a bridge in between macromolecule chains by association 
between molecules. 

[0052] Moreover, or energy, sucb as formation of the bridged structure 
by the polycondensation of for example, a di vinyl compound or a 
polyfunctional compound, heat, light, a radiation, and plasma, performs 
a polymerization and a bridging to coincidence, after compounding a 
straight chain-like maeroraolecule, there is also the approach of 
carrying out a bridging among the approaches by bridge formation. 



[0053] As an approach of carrying out a bridging to polymerization 
reaction time, photopolymer i zation. which irradiates the polymerization 
according ethylene glycol diiaethacrylate and methyienebis aery 1 amide to 
a radical initiator, the radiation polymerization which irradiates a 
gamma ray and an electron, ray, and the light which, is in agreement with 
the absorption, rave length of a vinyl monomer under cross linking agent 
existence as a. cross linking agent, or adds a photosensitize!- and carries 
out an optical exposure is mentioned, for example. . 
[0054] As an approach of carrying out the bridging of between giant- 
molecule chains later, the cellulose and polyvinyl alcohol which have a 
hydroxy! group, for example An aldehyde, Construct a bridge by chemical 
reactions, such as N-nethylol compound, dicarboxylic acid, and bi s~EPG 
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aldehyde or the glyeidyl group, How to construct a bridge underwater in 
polyvinyl alcohol or the polvmethyi vinyl ether by radiation irradiation, 
such as a gamma ray. Polyvinyl alcohol and N-viityl pyrrolidone Diazo 
resin, bis-azide, The approach of carrying out photodimerization of the 
polymer which has sensitization radicals, such as a still BAZORi.LliJ salt, 
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cross linking agents, such as dichromate, such as polyvinyl alcohol, and 
the approach of contacting the plasma generated by gaseous discharge to 
raacromolecule material, and carrying out a bridging are mentioned. 
[0055] Gel can be formed by the hydrogen bond and ionic bond between 
maerof&oieciUes, chelate formation, etc., and gel can be formed by making 
hydrogen bond form between macroffiolecul.es by the freezing vacuum-drying 
method, the freezing thawing method, etc. s and mixing two kinds of 
different macromoleeules like poiymethaerylic acid, a polyethylene 
glycol and polyacryiic acid, and polyvinyl alcohol. The poly ion complex 
gel can be formed by mixing the poly anions, such as the poly cations, 
such as polyvinyl benzyl trimethylammonium, and sodium polystyrene 
sulfonate. It can be made to be able to combine with alkali and alkaline 
earth metal, and strong acid nature polymers,, such as poly car boxy lie 
acid, such as polyacryiic acid, and polystyrene sulfonate, can form gel. 
[0056] (Negative electrode) What the thing containing a lithium element 
is preferably used at the time of charge as an ingredient of the 
negative-electrode ingredient (it is a negative electrode 101 at the 
example shevis in c; nvr nc 1 ) in the rerhm gearle bor.^rv tb < 
invention (lithium secondary battery), or contains a zinc element is 
used (zinc rechargeable battery). The negative electrode is obtained by 
i »,n f.Mti ic r a. «dtive -elect rode ingredient on a charge collector 
preferably. 



[0057] As a negat i ve~s 1 ec t rode ingredient for lithium secondary 
batteries, a lithium metal, a carbon material including a graphite, a 
metallic material, and the ingredient that a lithium like a transition- 
metals compound intercalates are mentioned, for example. Metals, such as 
nickel of the porosity which has the pore which contains a lithium, and 
metallic materials, such as aluminum which forms an alloy, and the 
lithium which deposits as the above-mentioned metallic material, and 
serves also as a charge collector, etc. are suitable. 
[0058] If it is a foil and tabular as a configuration of the above- 
mentioned charge of negative-electrode material, it can use as it is. 
Moreover, if powdered, a binder will be mixed, an electric conduction 
nominal member is also added depending on the case, a paint f i ins is 
formed on a charge collector, and a negative electrode is created, 
Moreover, plating and vacuum deposition can also be used as an approach 
of forming the thin film of the above-mentioned ingredient on a charge 
col lector.. As the above-mentioned vacuum evaporation© approach, 
approaches, such as CVD (Chemical Vapor Deposition), electron beam 
evaporation, and sputtering, are mentioned. It is required to also fully 
drv the negative electrode for which lithium secondary batteries under 
reduced pressure. 

[0059] What mixed the binder as a negative electrode for sine 
rechargeable batteries into the thing, -zinc-oxide powder or zinc powder 
in which the zincky plating film or the zincky vacuum- evaporation film 
was formed on a zincky foil and a zincky plate, and the charge collector, 
and zinc-oxide powder, and formed the paint film on the charge collector 
(adding an electric conduction nominal member depending on the case) can 
be used for a negative electrode. 

[0060] (Positive electrode) The positive electrode (at the example shown 
in drawing I , it is a positive electrode 102) in the rechargeable 
battery of this invention consists of ingredients, such as a charge 
collector, positive active asateriai, an electric conduction nominal 
member, and a hinder. This positive electrode fabricates what mixed 
positive active material, the electric conduction nominal member, the 
binder, etc. on the front face of a charge collector, and is produced. 
[0061] As an electric conduction nominal member used for a positive 
electrode, metal impalpable ponder, such as carbon black, such as a 
graphite, KETCH 1 EN black, and acetylene black, and nickel, etc. is 
mentioned. 

[0062] As a binder used for a positive electrode, when a fiuororesin 
like [ when the electrolytic solution is a non~aqueous-so.lvent system j 
poi yolef ines, such as polyethylene and polypropylene, or polyvinyIiden« 



fluoride and a tetraf iuoroethy 1 ene polymer, and the electrolytic 

1 1 1 1 < i <. s - ^ ■- mo! <• tern > » >> ii ^1 > i<_ o. >. t a ! or 
a polyamide is mentioned, for example. 

[0063] Generally in the lithium secondary battery whose negative- 
electrode active material is a lithium, transition-metals oxide, a 
transition-petals sulfide, 1 ithium-transitiorr-metals oxide, or a 
1 ithiunrtransition-metals sulfide is used as positive active material . 
Sc and Y which are the element which has d husks or f husks partially as 
a transition-metals element of a transition-metals oxide or a 
transition-metals sulfide, for example, a ianthanoids, actinoid .one, and 
!i 5 Zr, Hf, V, Mb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Ru, 0 s, Co, Eh, ir, 
nickel, Pd, Pt, Cu, Ag and Au are mentioned. Especially, Ti, VI Cr, Mn, 
Fe, Co, nickel, and Cu which are the first sere metal are used suitably. 
[0064] In the nickel sine rechargeable battery whose negative-electrode 
active material is zinc, oxidation nickel hydroxide is used as positive 
active material. 

[0065] The positive electrode is constituted from the charge collector, 
the catalyst, and the repellent by the air zinc rechargeable battery 
whose negative-electrode active material is sine, using oxygen as 
>>s;U-o <}• • - . T . As eata'vsi, pel us carbon, porosity nickel, 

copper oxide, and nickel oxide are used, for example. As a repellent, a 
porous tetraf iuoroethylene polymer and a fiuororesin like Fori fluoride 
kinky thread NIDEN are used. In the zinc bromine rechargeable battery 
whose negative-electrode active material is sine, a bromine is used as 
positive active material. 

[0066] (Charge collector of a negative electrode and a positive 
electrode) the charge collector used with the negative electrode and 
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efficiently the current consumed by the electrode reaction at the time 
of charge and discharge — it is — it is the duty which collects the 
current to generate is borne. Therefore, the quality of the material 
with it is desirable. [ high and electric conductivity and ] [ inactive 
to a cell reaction as an ingredient which forms the charge collector of 
a negative electrode and a positive electrode j 
[0067] As the desirable quality of the material, nickel, titanium, 
copper, aluminum, stainless steel, platinum, palladium, gold, sine, 
various alloys, and two or more sorts of compound metals of the above- 
sent ioned ingredient are mentioned. As a configuration of a c barge 
collector, letters of formation, such as the shape of the shape of the 
shape of tabular and a foil and a mesh and sponge, fibrous, a punching 
metal, and an expanded metal, are employable, for example. 



[0068] (Separator) The separator (at the example shown in . drawing 1 , it 
is 103} in the rechargeable battery of this invention is arranged 
between a negative electrode and a positive electrode, and has the role 
which prevents these short circuits. Moreover, it may have a. role 
holding the electrolytic solution. 

[0069] a lithium ion or a hydroxide ion has the pore which can move, and 
a separator's is insoluble to the electrolytic solution, and stable — 
required — certain ** Therefore, as a separator, the ingredient of 
nonwoven fabrics, such as polyolef ines, such as glass, polypropylene, 
and polyester, a fluororesin, and a polyarai.de, or micropore structure is 
used suitably, for example. 

[0070] Moreover, the metallic-oxide film which has micropore, or the 
resin film which compound- i zed the metallic oxide can also be used. 
Since it is hard to penetrate a dendrite when the metallic-oxide film 
which has the structure multi layered especially is used, effectiveness 
is in short circuit prevention. When the fluororesin film which is a 
fire retarding material, the glass which is an incombustible material, 
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[0071] (Electrolyte.) The ion which participates in the cell reaction 
mentioned above is movable, and the electrolyte in the rechargeable 
battery of this invention is held at the layer (at the example shown in 
drawing 1 , it is the poly membrane .1.00) and separator 103 which have 
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to environments, such as an electrical potential difference or 
temperature. The following three kinds are mentioned as a usage of this 
electrolyte. 

(1) How to use in the condition as it is. 

(2) How to use as a solution which dissolved in the solvent. 

(3) How to use as what was fixed by adding gelling agents, such as a 
polymer, in a solution, 

[0072] Generally, it is used for it, making a solvent carry out liquid 
retaining of the electrolytic solution which melted the electrolyte to a 
porous separator. Electrolytic conductivity needs to be 5x10 to 3 or 
more ij/cm more preferably 1x10 to 3 S/more than cm preferably as a value 
in 25 degrees C, 

[0073] hi the lithium cell whose negative-electrode active material is a 
lithium, the electrolyte shown below and its solvent are used suitably. 
As an electrolyte, acids, such as B2S04, and HC1, HN03, the salts which 
consist of a lithium ion (Li*-) and Lewis acid ion (BF4~ PF6-, AsF6~, 
C104-, CF3S03- BPh4~ {PhO phenyl group)), and such mixed salt are 
mentioned, for example. Moreover, the salt which consists of cations, 



such as sodium ion, potassium ion, and tetra-alkylamEiooium ion, and 
Lewis acid ion can also be used. As for the above-mentioned salt, it is 
desirable to heat under reduced pressure and to perform sufficient 
dehydration and deem da tiers. 

[0074] As an electrolytic solvent, for exasaple An acetonitrile, a 
benzonitrile, Propylene carbonate, ethylene carbonate, dimethyl 
carbonate, Diethyl carbonate, dimethylformamide, a tetrahydrofuran, A 
nitrobenzene, a dichloroethane, diethoxy ethane, i, 2-diniethoxyethane, A 
chlorobenzene, gaisraa-butyrolactone. dioxolane, a suifolane, Nitromethane, 
dimethyl sulfide, dimethyl ape oxide, methyl formate, 3~t»ethyl~2~ 
0K1DA20RIJXN0N, 2~i8ethyl tetrahydrofuran, 3-propyl sydnone, sulfur 
dioxide, a phosphoryl chloride, a thionyl chloride, sulfuryi. chlorides, 
or these mixed liquor can be used, 

[0075] The above-mentioned solvent is good to dehydrate with an 
activated alumina, a molecular sieve, a phosphorus pentaoxide, a calcium 
chloride, etc., or to distill under alkali-metal coexistence in inert 
gas depending on a solvent, and to also perform impurity removal and 
dehydration. 

[0076] Gelling is desirable in order to prevent leakage of the 
electrolytic solution. It is desirable to use a polymer which absorbs 
and swells the solvent of the electrolytic solution as a gelling agent. 
Polyethylene oxide, polyvinyl alcohol, polyacrylamide, etc. are used as 

[00??] By the nickel zinc cell whose negative-electrode active -material 
is zinc, or the air zinc cell, the electrolyte shown below is used 
suitably. Water is used for an electrolytic solvent. As an electrolyte, 
alkali (a 'potassium hydroxide, a sodium hydroxide. Lithium hydroxide, 
etc.) is used, for example. Salts, such as a zinc bromide, are used by 
the bromine sine cell whose negative-electrode active material is zinc. 
[0078] Gelling is desirable in order to prevent leakage of the 
electrolytic solution. It is desirable to use a polymer isrhich absorbs 
and swells the solvent of the electrolytic solution as a gelling agent. 
As such a polymer, polymers, such as polyethylene oxide, polyvinyl 
alcohol, and polyacrylamide, and starch are used, for example. 
[0079] (The configuration and structure of a cell) As a concrete 
configuration of the rechargeable battery of this invention, there are a 
flat form, a cylindrical shape, a rectangular parallelepiped form, a 
sheet form, etc. , for example. Moreover, as structure of a cell., there 
are a monolayer type, a multilayer type, a spiral type, etc. , for 
example. Also in it, by winding on both sides of a separator between a 
negative electrode and a positive electrode, the ceil of a spiral type 



cylindrical shape can enlarge an electrode surface product, and has the 
description that a high current can be passed at the time of charge and 
discharge. Moreover, the cell of a rectangular parallelepiped form or a 
sheet, form has the description, which can use effectively the storage 
space of the device which contains, and constitutes wo or .more cells. 
[0080] Below, with reference to drawing 3 and drawing 4 , snore detailed 
explanation is given about the configuration and structure of a cell. 
Orating 3 is the sectional view of a monolayer type fiat form (coin 
form) ceil, and drawing 4 expresses the sectional view of a spiral type 
cylindrical shape cell. These are the same configurations as drawing. .1. 
fundamentally, and have a negative electrode, a positive electrode, an 
electrolyte and a separator, cell housing, and an output terminal, 

t( ^* 1 1 11 ^ J t.r> >n 1 a - 1 ft-, li (a 

negative electrode 402 consists of a negative-electrode charge collector 
400 and an active material layer 401} f 303 and 408 A positive electrode 
(a positive electrode 408 consists of a positive-electrode charge 
collector 404 and an active material layer 403), 305 and 405 a 

negative-electrode terminal, (negative-electrode cap), and 306 and 406 

for a gasket and 411. as for a negative-electrode lead and 413, an 
electric insulating plate and 412 are [ a separator and the electrolytic 
solution, and 310 and 410: / a positive-electrode terminal (positive- 
electrode can.), and 307 and 407 / a positive-electrode lead and 414 j 
relief valves. 

d'Y^ -r ,i teJvriK a 1 V :a,uu of t-.t fl<r -nla i L . ^nova in 

drawing 3 The laminating of the positive electrode 303 containing a 
posit ive-active-nsaterial layer and the negative electrode 301 equipped 
with the negative-electrode ingredient layer is carried out through the 
poly membrane 315 as a layer which has the separator 30? which held the 
electrolytic solution at least, and a free passage hole which was 
further mentioned above, This layered product is held from a positive- 
electrode side in the positive-electrode can 306 as a positive-electrode 
terminal, and the negat i ve~e 1 ectrode side is covered with the negative- 
el ecttode cap 305 as a negative-electrode terminal. And the gasket 310 
is arranged at other parts in a positive-electrode can. 
[0083] In the spiral type cylindrical rechargeable battery shown in 
drawi ng 4 The positive electrode which has the positive-electrode 
(active material) layer 403 formed on the positive-electrode charge 
collector 404, The negative electrode 402 with the negative-electrode 
(active material) layer 401 formed on the negative-electrode charge 
collector 400 It counters through the poly membrane 415 as a layer which 
has the separator 407 which held the electrolytic solution at least, and 



a free passage hole which was further mentioned above, and the layered 
product of the cylindrical structure wound around multiplex is formed. 
The layered product of the cylindrical structure concerned is held in 
the posit i vg~el ectrode can 406 as a positive-electrode terminal. 
Moreover, the negative-electrode cap 405 as a negati ve-eiectrode 
terminal is formed in the opening side of the positive-electrode can. 406 
concerned, and the gasket 410 is arranged in other parts in a negative- 
electrode can. The layered product of the electrode of cylindrical 
structure is separated from the interior of a positive-electrode can and 
a negative-electrode cap through the electric insulating plate 411, 
About the positive electrode 408, it connects with the positive- 
electrode can 406 through the positive-electrode lead 413. Moreover, 
about the negative electrode 402, it connects with the negative- 
electrode cap 405 through the negative-electrode lead 412. The relief 
valve 414 for adjusting the internal pressure inside a cell is formed in 
the negative-electrode cap side, 

[0084] Below, an example of an approach to assemble the ceil shown in 
drawing 3 or drawing 4 is explained, 

(1) Between the negative-electrode layer (301 401) covered with the poly 
membrane (315 415), and the fabricated positive-electrode layer (303 
403), insert a separator (307 407) and include in a positive-electrode 
can (306 406), 

(2) Assemble a negative-electrode cap (305 405) and a gasket (310 410) 
after pouring in an electrolyte, 

(3) A cell completes the above (2} by caulking ******. 

[0085] In addition, as for ingredient preparation of the lithium cell 
mentioned above and the assembly of a. cell, it is desirable to carry out 
in the dry air from which moisture was removed enough, or desiccation 
inert gas. 

[0086] The mode of the member in the example of the rechargeable battery 
mentioned above is explained. 

(Gasket) As an ingredient of a gasket (310 410), polyolefin resin, a 
fluororesin, polyamide resin, poiysulfone resin, and various rubber can 
be used, for example. As the obturation approach of a cell, approaches, 
such as the glass sealed tube, adhesives, welding, and soldering, are 
used like drawing,, 3 and drawing 4 besides the "caulking" using a gasket. 
Moreover, various organic resin ingredients and the ceramics are used as 
an ^u. it i h i-de^fti ^ -.aiding pi, l< ,111* , d v v >y u 4 . 
[0087j (Ceil housing / positive-electrode can, negative-electrode cap) 
As cell housing which holds each part material with the rechargeable 



positive-electrode can, a negat i ve~elec trode cap, etc. are made to serve 
a double purpose like the example shown in drawing 3 and drawing 4 , for 
example. In the example shown in drawing 3 , the positive-electrode can 
406 and the negative-electrode cap 405 serve as cell housing which 
serves as an in-and-out force terminal, respectively in. the example 
which the positive-electrode can 306 and the negative-electrode cap 305 
show to drawing 4 , As an ingredient of cell housing which serves as an 
i n-and~out fores terminal, stainless steel is used suitably. Especially, 
a titanium clad stainless plate, a copper clad stainless plate, a 
nickel-plating- steel plate, etc. are used abundantly. 
[0088] Since the positive-electrode cans 306 and 406 serve as cell 
housing in the exarpio shown especially in drawing 3 and .drawi ng 4 , the 
above-mentioned stainless steel is desirable. On the other hand, when a 
positive-electrode can etc. does not make cell housing serve a double 
purpose, as the quality of the material of cell housing, the composite 
of plasties, such as metals, such as zinc, and polypropylene, a metal or 
a glass fiber, and plastics is used besides stainless steel. 
[0089] (Relief valve) It is desirable as a safety practice when the 
internal pressure of a ceil increases in the rechargeable battery of 
this invention that a relief valve (it is 414 at the example shown in 

drawing 4 ) is prepared, as a relief valve rubber, a spring, a metal 

ball, and a burst — it can ****** -hat it is 
[0090] 

[Example] Hereafter, this invention is explained to a detail based on an 
example, in addition, this invention is not limited to these examples. 
[0091] In example 1 this invention, the lithium secondary battery of a 
coin form like the cross-section structure shown in drawing 3 was 
produced. The negative electrode covered with the macromolecule-liquid 
crystal bipolar membrane for internal short circuit prevention by the 
dendritic growth of the lithium at the time of charge was used for the 
negative-electrode front face, Below, with reference to drawin g 3 , the 
production procedure of each structure of a cell and the assembly of a 
ceil are explained. In addition, all actuation was performed in argon 
gas. 

[0092] (1) The metal lithium foil was stuck to the expanded metal of the 
production procedure #* copper of the negative-electrode (active 
material) layer 301 by pressure, and the negative-electrode layer 301 
was produced. 

[0093] (2) the product made from Merck which shows the covering ** 
polyvinyl chloride of the negative electrode in giant-molecule-liquid 
crystal bipolar membrane, and a negative dielectric anisotropy — the 



dichloroe thane was added and the spreading solution was prepared, after 
•mixing liquid crystal ZLI-4519 so that it may become the weight ratios 
40/60. 

[0094] ** The negative-electrode (active material) layer 301. of the 
metal Lithium foil covered with the poly membrane 315 which impressed 
the magnetic field, dried perpendicularly to the metal lithium foil 
surface after applying the spreading solution prepared by the above- 
mentioned **, ultraviolet rays were subsequently made to irradiate and 
construct a bridge over the metal lithium foil front face stuck to the 
expanded metal of the copper produced above (i) by pressure, and liquid 
crystal distributed was obtained. 

[0005] (3) After mixing production procedure ** electrolytic manganese 
dioxide and the lithium carbonate of the. positive-electrode (active 
material) layer 303 by the mole ratio of L'0. 4, it heat-treated at 800 
degrees C\ and the lithium-manganic acid ghost was prepared. 
** After mixing carbon powder 3wt (weight) % of acetylene black, and Fori 
fluoride kinky thread NIDEN powder §wt& to the lithium-manganic acid 
ghost prepared in the above-mentioned **> the !f-methyl~2~pvrroiidone was 
added. 

** After carrying out spreading desiccation of the paste obtained by the 
above-mentioned ** at aluminium foil, reduced pressure drying was 
carried out at 150 degrees C, and the posit i ve-eiectrode (active 
material) layer 303 was produced. 

[0096] (4) production procedure [ of the electrolytic solution 30? ] ** 
— the solvent which carried out equivalent mixing of the ethylene 
carbonate (EC) which fully removed moisture, and the dimethyl carbonate 
(DMC) was prepared. 

** What carried out 1M (rnol/1) dissolution of the 4 fluoride [ lithium 
borate ] salt was used for the solvent obtained by the above-mentioned 
** as the electrolytic solution, 

[0097] (5) the fine hole of separator 307 polyethylene — liquid 
retaining of the electrolytic solution adjusted by (4) using the 
separator «ras carried out. 

[0098] (6) The separator 307 which carried out liquid retaining of the 
electrolytic solution, was inserted between the negative-electrode layer 
301 covered with the assembly ** poly membrane 315 of a cell,, and the 
positive-electrode layer 303, and it inserted in the positive-electrode 
can 306 of the stainless steel material of a titanium clad. Furthermore, 
the above-mentioned electrolytic solution was poured in into the 
positive-electrode can 306, and liquid retaining of the electrolytic 
solution was carried out to the poly membrane 315. 



** 'I ha negative-electrode cap 305 of the stainless steel material of the 
gasket 310 of polypropylene and a titanium clad was put on the positive- 
el r t \. , ^ ,> . 10^ h n do < i ' , \t< , - . < - 
lithium secondary battery was produced. 

[0099] (Evaluation of a cell property) Below, the performance evaluation 
of the produced cell is explained. The performance evaluation followed 
the energy density per L which is obtained in a eharge~and-~di scharge 
cycle trial J unit volume of a cell, and a cycle life. 
[0100] The conditions of a cycle trial made 1 cycle the cycle which 
serves as charge and discharge of big current density (l time as many 
current as capacity/time amount), i.e., 1C, from the recess for 30 
minutes so that the dendritic growth of a negative-electrode active 
material may tend to occur at the time of charge on the basis of the 
electric capacity calculated from positive active material, the charge 

and sl.^cuc: w t* s~ -1 a cell — the Hokuto Denko make HJ-106M were 

used. In addition, the charge and discharge test was started from charge, 
cell capacity was made into the amount of discharge of 3 cycle eye, and 
the cycle life was made into the count of a cycle which was less than 
60% of cell capacity. 

f0 10 i 1 The value of [average (operating potential V) x discharge 
quantity of electricity (Ah.) 3 / cell volume v.0 ,-aa*,^i tht >ii«nc^ 
density (Wh/I) per unit volume, in addition, about the cell volume, it 
calculated as volume of the appearance of the eel of a unit which 
consists of a negative electrode / a separator / a positive electrode. 
In the ease of the lithium cell, the cut-off voltage of 4.5V and 
discharge was set as 2.5V for the cut-off voltage of charge. 
[0.102] Removing the point which uses the negative-electrode (active 
material) layer which did not cover macromolecule- 1 i qui d crystal bipolar 
membrane with the example of one example of a comparison as a negative 
electrode, except for not carrying out covering actuation of the 
macromolecuie-l iquid crystal bipolar membrane in an example 1, other 
points produced the cell like the example 1, and evaluated by this 
example similarly, 

[0103] Table 1 summari zes the performance evaluation (cycle life) of the 
A l i r t »le 3 i u i K t. I > ^ jj K t i 5 

a comparison. The **** evaluation result standardized the value of the 
example 1. of a comparison as 1. Q to this cycle life, and indicated the 
value of an example 1 to it, 
[0104] 
[Table 1] 



[0105] Moreover, 10 cycle deed cell can was opened for the charge and 
discharge test on condition that the above about the cell independently 
produced in the example 1 and the example 1 of a comparison, and 
microscope observation of the condition of the dendritic growth in. the 
anode of a cell was carried out. Although generating of a dendrite was 
not seen by the cell of an example 1, generating of a dendrite was 
observed in the example I of a comparison. Therefore, it turned out that 
there is no generating of a dendrite also in prolonged use in the 
rechargeable battery by which the negative-electrode top of an example 1 
was covered by liquid crystal polymer bipolar membrane, and a long cycle 
life is acquired. 

[0106] in the example of two examples, the lithium secondary battery of 
a coin form like the cross-section structure shown in drawing 3 was 
produced. Except, for the point of having used for the negative electrode 
the aluminium foil covered with the liquid crystal polymer film, and 
k\.\~ ccs,d i ,v liTir"is e . k<- o\jJ> io^ p>^n % v^ jw^e <..uc, ^. the 
rechargeable battery was produced like the example i except it. 
[0107] Below, with reference to drawing 3 , the production procedure of 
the negative electrode and positive electrode of a ceil is explained. 
(1) The front face was etched rn 5% of the weight of. the potassium- 
hydroxide water solution,, the nitric-acid water solution neutralized the 
production procedure ** aluminium foil of a negative electrode, the 
hydrochloric-acid water solution was. used for the electrolytic solution 
after rinsing, GU'RASHI carbon was used for the counter electrode, and the 
aluminium foil which carried out electrolysis ENNGU of the alussiniura 
foil which performed the above-mentioned processing, rinsed it, and 
raised surface area after reduced pressure drying mu prepared. At the 
time of the charge in a ceil, the lithium which is a negative-electrode 
active material will deposit on this aluminum front face, and a 
negative-electrode active material layer will be formed. 
[0108] (2) Azobisisobutyroni tril was added in the t et rahydrof uran 
solution which mixed 2 % of the weight of hoe lithium fluoride to the 
K0RESU tick liquid crystal polymer of covering ** Fori (the 4 and 4*~ 
diauxy 2, 2' -dimethyl axoxybenzene (+3) -methyl hexane JI0IRU) of the 

i tl uoi- \i ne liquid crystal polymer film, and the spreading 
solution was prepared. 



** The negative electrode of the aluminium foil which gave the spreading 
solution prepared by the above-mentioned ## by the spin eoater, heat- 
treated at 100 degrees C under reduced pressure after spreading on the 
aluminium foil front face produced above (D f and was - covered with the 
polymer liquid crystal film -on it was prepared, 

[01.09] (3) After mixing the production procedure ** lithium nitrate and 
nickel carbonate of the pos i. t i ve-act. i ve-mater i ai layer 303 by the mole 

ratio of it heat-treated in 750-degree-C air air current, and the 

lithium-nickel oxide was prepared, 

** After mixing carbon powder 3wt (weight) % of acetylene black, and Port 

1 . > ! > l is ' 1 \ 0_\ i>s>yd i i, v t t 1 the U,Q i.s~in \el , ^ 

prepared in the above-mentioned **, the N-methy l-2-pyrrol i done was added. 
** After carrying out spreading desiccation of the paste obtained by the 
above-mentioned ** at aluminium foil, reduced pressure drying *-as 
carried out at 150 degrees C, and the pos i t i ve.-ac t i ve~$aater i a 1 layer 303 
was produced. Other points produced the ceil like the example 1. 
[0110] Removing the point, which used what did not cover the polymer 
liquid crystal film with the example of two examples of a comparison as 
a negative electrode, except for not carrying out covering actuation of 
the polymer liquid crystal film, in an example 2, other points produced 
the cell like the example 2, and evaluated by this example similarly. 
[01 11] Table 2 summarizes the performance evaluation (cycle life) of the 
lithium secondary battery produced in the example 2 and the example 2 of 
a corapari son. The **** evaluation result standardized the value of the 
example 2 of a comparison as 1.0 to this cycle life, and indicated the 
value of an example 2 to it. 




Therefore, in the rechargeable battery by which the negative electr 
of an example 2 was covered by the polymer liquid crystal film, it 
turned out that a cycle life becomes long. 

[0113] In the example of three examples, the lithium secondary batt 
of a coin form like the cross-section structure shown in drawing 3 
produced. In a negative electrode, a graphite is differed [ oxide / 
lithium-cobalt ] in an example 1 in that the polymer gel film was 
prepared between the negative electrode and the positive electrode 



between layers at the time of charge. The rechargeable battery was 
produced Like the example I except it, 

[0114] Be low, with reference to drawl ng 3 , the production procedure of 
the negative electrode and positive electrode of a cell is explained. 
(1} After dipping the microporous polypropylene film which performed 
hyk'ipM , f pressing ir. the wrtei relation of the K and X-diexhyl 
aery 1 amide which is the monomer of a polymer and acrylic-acid sodium 
which formed the production procedure ** nitrogen gas of the polymer gel 
f i \m lit iv I <s. oati i J j 1 i i "! i _ ^ «i u i » »k • \ s > ii. i 
reduced pressure drying of the unreacted monomer was removed and carried 
out, and the microporous polypropylene film with polymer gel was 
obtained. 

tOUSj (2) After mixing polyvinyl i dene fluoride powder 5wt% to the 
impalpable powder of the natural graphite heat-treated at 2000 degrees C 
among the production procedure ** argon, gas air current of a negative 
electrode, the N-methy l~2~pyrrol i done was added and the paste was 
prepared. 

** After carrying out spreading desiccation of the paste obtained by the 
above-mentioned ** at copper foil, reduced pressure drying was carried 
out at 150 degrees C, and the negative electrode was produced. A lithium 
will intercalate in this graphite and the negat i ve~e.l ectrode (active 
material) layer 301 will be formed at the time of charge. 
[01 16] (3) After mixing the production procedure *# lithium carbonate 
and cobalt carbonate of the positive-electrode (active material) layer 
303 by the mole ratio of K2, it heat-treated by 800-degree-C air air 
current, and the lithium-cobalt oxide was: prepared. 

** After mixing carbon powder 3wt (weight) % of acetylene black, and Fori 
fluoride kinky thread NIDEN powder 5wt% to the lithium-cobalt oxide 
prepared in the above-mentioned *#, the N-methy 1-2-pyrrol idone. was added. 
** After carrying out spreading desiccation, reduced pressure drying of 
the paste obtained by the above-mentioned ** was carried out to the 
( i i t < 1 + i \! u ^ La n^tal 1 k< nu *• + 

u i i 1 i «. i \e-! -it* i ) "> t ' 5 

[0117] (4) Between the assembly *# positive electrode of a cell, and the 
negative electrode, the microporous polypropylene film with polymer gel 
(the electrolytic solution is the same as an example I) to which it 
produced by (I) and liquid retaining of the electrolytic solution was 
carried out was inserted, the laminated structure of the positive 
electrode 102 as shown in drawingj! (c) , the poly membrane 1.00 which 
carried out liquid retaining of the electrolytic solution, and a 



negative electrode 101 was formed, and it inserted in the positive- 
electrode can 306 of the stainless steel material of a titanium clad. 
[0118] ** The negative-electrode cap 305 of the stainless steel materia, 
of the gasket 310 of polypropylene and a titanium clad was put on the 
positive-electrode can 306 obtained by the above-mentioned **, and the 

jnluur. tfO', vndnty hutu^v was produced, shut is, the 
membrane 315 is equipped with the function in the separator 307 and t hi. 
layer by the structure shown in. drawing 3 . The engine performance was 
evaluated like [ rechargeable battery / which was obtained ] the exarapl 

[0119] In the example of three examples of a comparison, other points 
produced the rechargeable battery like the example 3 except for the 
point which does not use the polymer gel film between a positive 
electrode and a negative electrode. That is, the microporous 
polypropylene f i 1m was used as a separator. 

[03^0 T., !<■ ' a " pe:f>>jrtfkv '\a!rrt <>n *< vole ll^< > ef fch 

lithium secondary battery produced in the example 3 and the example 3 o 
a comparison. The **** evaluation result standardised the value of the 
example 3 of a comparison as 1.0 to this cycle life, and indicated the 

romi ^ 



Therefore, in the lithium secondary battery with which the polymer gel 
film was fastened between the positive electrode of an example 3, and 
the negative electrode, it turned out that a cycle life improves. 
[0122] In addition, when the energy density per unit volume of the 

• k"$uc*^ 'vt *^r> of .-u <>\jnple 1, an example 3, and an example 3 -\>a 
standardized having used energy density per unit volume of the 
rechargeable battery of the example 3 of a comparison as 1.0, it was L 
1.6, and 1.0, respectively. The comparison of this energy density showe. 
that a cycle life was all long and a rechargeable battery with a still 
higher energy density was obtained in the lithium secondary battery of 
examples 1-3. 

[0 Lo~ r. ihe wrc es 1 > ' u hiuns-ooU K >^nv, , ie LtLnir:r v 1 
oxide, and the lithium-manganic acid ghost were used as positive active 
material in a lithium secondary battery. However, it is not limited to 



this and various kinds of positive active material, such as a lithiura- 
banazin san ghost, and a lithiu»rferric acid ghost, can also be adopted. 
Moreover, a graphite, aluminum, and. a metal lithium were used as a 

1 tu\h risr^cu at io^e\_' , n „o .i< t ' _ al >. d "C a- * N •> 
the various carbon materials which calcinate organic resin and are 
obtained, a transition-metals oxide, a transition-metals sulfide, etc. 
can be adopted. 

[0124] Moreover, although one kind of thing was used to examples 1-3 

i ! K mM it 1 i \a t t i t l to 

this. 

[0125] In the example of four examples, the nickel -zinc rechargeable 
battery of a coin form like the cross-section structure shown in drawing 
3 was produced. 

[0126] Belos.', with reference to drawing 3 , the production procedure of 
each structure of a cell and the assembly of a cell are explained. 
{]) Pass and deoxi dation-ize nitrogen gas after dissolving the 
aery! amide which is the monomer of the production procedure #* polymer 
of the polymer gel film 315, and TORIMECHIRU (N-acryloyi-tHaaii nopropy 1} 
ammonium iodide and the N, N' -methylenebis acrylamide of a cross linking 
agent in water. After dipping the microporous polypropylene film which 
performed hydrophilic processing, adding the ammonium persuifate and 
teU."e\h \ . ^ -v chasi ic il '» oelvme ^'Miou irufl.il> l t v ^ ) 4x.11, 
making it react to it about 30 minutes and obtaining gel, It washed with 
water, reduced pressure drying of the unreaoted monomer was removed and 
carried out, and the microporous polypropylene film with polymer gel was 
obtained. 

[0127] (2) The ****** (matter) layer 301 was obtained by adding and 
kneading water, making it the shape of a paste, plastering the punching 
jsetal plate of a nickel metal and carrying out press forming to both 
sides of the punching metal of the production procedure **• copper of the 
negative-electrode (active material) layer 301 after desiccation by 
using polyvinyl alcohol as a binder, at the mixture of. zinc powder and 
zinc oxide powder. 

[0128] (3) the production procedure ** nickel hydroxide of the positive- 
electrode (active material) layer 303 ~~ nickel powder — in addition — 

as a binder ^- a carboxymethyl cellulose and water - in addition, it 

dried, pressed and produced, after preparing the paste and filling up 
the foam (the Sumitomo Electric industries make, a eel helmet) of nickel. 
[0129] (4) The 30wt% potassium-hydroxide water solution which added the 
production procedure ** lithium hydroxide of the electrolytic solution 
307 was used. 



(5) The thing of" 100-micrometer thickness which sandwiched the 
polypropylene nonwoven fabric which carried out separator 307** 
hydrophilic processing with the microporous polypropylene film which 
carried out hydrophilic processing was used. 

[0130] (6) Between the assembly ** negative-electrode (active material) 
layer 301 of a ceil, and the positive-electrode (active material} layer 
303, like the laminated structure of the positive electrode 102 shown in 
du,^ _ ' v a , <- t>t d. u et He in , > c, -o u" n 1 >d v v I 
membrane 100, and a negative electrode 101, the separator 307 which 
carried out liquid retaining of the electrolytic solution which 
mentioned above the microporous polypropylene film with polymer gel 

i - :eo a to t l -e nf-i/itr^-L f"-U >oe ^.ee t th<> p-sifu 

electrode side was inserted, and it inserted in the positive-electrode 
can 308 of the stainless steel material of a titanium clad. Furthermore, 
the electrolytic solution was poured in into the positive-electrode can 
306, and the electrolytic solution was made to hold to a poly membrane 
315. 

[0131] ** The negative-electrode cap 305 of the stainless steel material 
of the gasket 310 of polypropylene and a titanium clad was put on the 
positive-electrode can 306 obtained by the above-mentioned **, and the 
******** nickel -zinc rechargeable battery was produced, 
[0132] Below, the performance evaluation of the produced nickel-zinc 
ceil is explained. The performance evaluation followed the cycle life 
acquired in a charge~and~di scharge cycle trial. 

[0133] The conditions of a cycle trial made 1 cycle the cycle which 
serves as charge and discharge of 1C (l time as many current as 
capacity/time amount) from the recess for 30 minutes on the basis of the 
electric capacity calculated from positive active materiel, the charge 
and discharge test of a cell — the Hokuto Oenko make — HJ-106M were 
used, in addition, the charge and discharge test was started from charge, 
cell capacity was made into the amount of discharge of 3 cycle eye, and 
the cycle life was made into the count of a cycle which was less than 
60% of cell capacity. In the case of the nickel-zinc cell, the cut-off 
voltage of 2. 0V and discharge was set as 0. 9V for the cut-off voltage of 
charge. 

[0134] In the example of four examples of a comparison, except for the 
point which did not use the polymer gel film, other points produced the 
nickel -zinc rechargeable battery like the example 4, and performed the 
performance evaluation similarly, 

[0135] Table 4 summarizes the performance evaluation (cycle life) of the 
nickel -zinc rechargeable battery produced in the example 4 and the 



J 



Therefore, in the nickel-zinc rechargeable battery which fastened the 
polymer gel film between the positive electrode of an example 4, and the 
negative electrode, it turned out that a longer cycle life is acquired. 
[0137] In the example of five examples, the air zinc rechargeable 
battery of a coin form like the cross-section structure shown in drawing 

[0138] Below, with reference to drawing 3 , the production procedure of 
each structure of a cell and the assembly of a ceil are explained, 
(U the product raade from Merck which shows the production procedure ** 
polyvinyl chloride of the giant-moiecuie-liquid crystal bipolar membrane 
315, and a negative dielectric anisotropy after mixing liquid crystal 
2LI-2806 so that it may become the weight ratios 40/60, the giant- 
molecuie-liquid crystal bipolar membrane 315 was obtained after applying 
the scdutun u-hkh dissolved by the heh\>K«Hh'if.e b< the mk roper' 
polypropylene film which applied the ethanoi solution of lecithin, 
beforehand and was dried and by which hydrophilic processing was carried 
out. 

[0139] (2) The negative-electrode (active material) layer 301 was 
obtained by applying the paste which added, kneaded and prepared 
polyvinyl alcohol and water to the mixture of zinc powder and zinc oxide 
powder to both sides of the punching metal of the production procedure 
** copper of the negative-electrode (active material) layer 301, and 
carrying our a desiccation press. 

[0140] (3) A manganese dioxide, nickel oxide, cobalt oxide, and 
* o + i\jI W- noetic; Una pwlynet p><wder ^tt nixed io *b- pc-da, u<>a 
procedure ## acetylene black of a positive electrode, and what applied 
to the copper mesh which carried out nickel plating of what added and 
pasted the saulx PAKO nak (Nippon Oil & Fats Co., Ltd. make, line- 
particles fiuororesin coating) 5wt% xylene solution, and was fabricated 
at 170 degrees C through the pressurization heater roller after 
hardening was used as the positive electrode, in this positive electrode, 



air will diffuse at the time of discharge, and the oxygen of an active 
material will react. 

[0141] (4) The 30wt% potass i urtrhydrox i de water solution which added the 
production procedure ** lithium hydroxide of thv yleetiolyi io sj1u;:ci. 
307 was used, 

(5) The thing of IQO-micrometer thickness which sandwiched the 
polypropylene nonwoven fabric which carried out separator 307** 
hydrophilic processing with the aieroporous polypropylene film which 
carried out hydrophilic processing was used. 

[0142] (6) Between the assembly ** negative-electrode (active material) 
layer 301 of a ceil, and the positive-electrode (active material) layer 
303 The positive electrode 102 shown in d rawing 2 (a), a separator and 
the electrolytic solution 103, a poly membrane 100, and the microporous 
polypropylene film with inaeroaolecule- liquid crystal bipolar membrane 
produced above (i) to the negative-electrode side like the laminated 
structure of a negative electrode 101 The separator 307 which carried 
cut liquid retaining of the electrolytic solution to the positive- 
electrode side was inserted, and it inserted in the positive-electrode 
can 300 with an air incorporation hole of the stainless steel material, 
of the vitanium clad which inserted the po! ytetraf Luoroethylene film of 
air diffusion paper and the water-repellent film previously, furthermore, 
the electrolytic solution was poured in into the positive-electrode can 
306, and the electrolytic solution was made to hold on a polypropylene 

[0143] ** The negative-electrode cap 305 of the stainless steel material 
of the insulating backing 310 of polypropylene and a titanium clad was 
put on the positive-electrode can 306 obtained by the above-meat i oned **, 
and the caulking ****** zinc rechargeable battery was produced. 
[0144] In the example of five examples of a comparison, other points 
produced the air zinc rechargeable battery like the example 5 except for 
the point which did not use macroraol ecul e- 1 iqui d crystal bipolar 
membrane in the positive electrode and the negative electrode. 
[0145] The performance evaluation of the cell produced in the example 5 
and the example 5 of a comparison was performed on the same conditions 
as the nickel -zinc cell of an example 4. 

[0146] Table 5 summarizes the performance evaluation of the air-zinc 
rechargeable battery produced in the example 5 and the example 5 of a 
comparison. The **** evaluation result standardized the value of the 
example 5 of a comparison as 1.0 to this cycle life, and indicated the 
value of an example 5 to it, 
[0147] 



Therefore, by adopting the air-zinc rechargeable battery which fastened 
polymer liquid crystal bipolar membrane between the positive electrode 
of an example 5 and the negative electrode showed that a rechargeable 
battery with the more excellent long cycle life was obtained. 
[0148] 

[Effect of the Invention] As explained above, according to this 
invention:, especially' a negative-electrode active material is generated 
in- a negative electrode in. the rechargeable battery which is a lithium 
or zinc at the time of charge, and growth of the dendrite leading to 
performance degradation can be controlled. Consequently, production of a 
lithium secondary battery and a nickel zinc rechargeable battery with a 
high energy density with a long and cycle life, an air zinc rechargeable 
battery, etc, is attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawi ng ll It is the cross-section block diagram showing an example of 
the rechargeable battery of this invention, 

[ Drawing 2 ] it Is the conceptual diagram showing the example of 
w i if ^-e \>l olv r bt Me an , a « j ^ne n k 3 ^ > t<. v 1< M the 

rechargeable battery of this invention, a positive electrode, a 
separator, and a means to prevent the dendritic growth of a negative- 
electrode active material. 

I " , i' > 1 + U 5 tioii nn -as - <• n >e -t \> -a, „m 

type flat form cell of this invention. 

; f 1 ] i tU si m t)l t h ng i ^pl j -> t\ ^ 
type cylindrical cell of this invention. 

[Dra wing 5] It is a conceptual diagram explaining the function of the 
rechargeable battery of this invention. 
[Description of Notations] 

100 Poly Membrane for Short Circuit Prevention 



102 Positive Electrode 

103 Separator and Electrolytic Solution 

104 Battery Case (Cell Housing) 

105 Negative-El«ctrode Terminal 

106 C ir \e ;•< i,t * So - ; filial 

107 << ..t - -old Kun^^nti i > t < 

108 Part Which Poly Membrane for Short Circuit Prevention Formed 
High Resistance- 

109 Power Source for Charge 
301 Negative-Electrode Layer 

401 Negative-Electrode (Active Material) Layer 
303 Positive-Electrode Layer 

403 Positive-Electrode (Active Material) Layer 

305.405 Negative-electrode cap (negative-electrode terminal) 

306.406 Positive-electrode can (positive-electrode terminal) 

307.407 Separator holding the electrolytic solution 
310,41.0 Gasket 

400 Negative-Electrode Charge Collector 

402 Negative Electrode 

404 Positive-Electrode Charge Collector 
408 Positive Electrode 

41 i Electric Insulating Plate 

412 Negative-Electrode Lead 

413 Positive-Electrode Lead 

414 Relief Valve 

315.415 Poly membrane for short circuit prevention 



